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Abstract Fostering the development of students’ critical thinking (CT) is regarded as
an essential outcome of higher education. However, despite the large body of research
on this topic, there has been little consensus on how educators best support the
development of CT. In view of some of the controversies surrounding the teaching of
CT skills in higher education, this study examined the effects of embedding CT
instruction systematically in domain-specific courses (Immersion vs. Infusion) on the
acquisition of domain-specific and domain-general CT skills and course achievement.
First-year university students (N = 143) enrolled in an introductory physics course were
assigned to one of three instructional conditions: Immersion, Infusion, and control. The
Immersion and Infusion conditions followed lessons designed systematically based on
the First Principles of Instruction model, whereas the control condition followed a
regular instruction. Results showed that participants in the Immersion and Infusion
conditions significantly outperformed those in the control condition on domain-specific
CT proficiency and course achievement. However, neither the Immersion nor the
Infusion condition was helpful in fostering the acquisition of domain-general CT skills.
The findings generally demonstrated that embedding CT instruction systematically in
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domain-specific courses requires greater clarity about what set of CT skills could be
targeted in domain-specific instruction, how specific subject-matter instruction could be
designed considering CT as an integral part of domain-specific instruction, and how
best CT outcomes be assessed. Some considerations for the design of CT-supportive
learning environments are discussed.
Keywords Domain-general critical thinking . Domain-specific critical thinking .
Instructional design . Intervention . Physics
Introduction
Critical thinking (CT) is closely linked with students’ in-depth understanding of specific subject-
matter content (Williams, Oliver & Stockdale, 2004), improved decision-making with regard to
complex real-life problems (Dwyer, Hogan & Stewart, 2012; Halpern, 1993), and more generally
with a tendency to become amore active and informed citizen (Halpern, 2014; Tsui, 1999). Various
stakeholders in education, such as policy makers, educators, and employers have regarded the
development of CTas an essential outcome of undergraduate education (Association of American
Colleges and Universities, 2005; Lin, 2014; National Research Council, 1996; Pascarella &
Terenzini, 2005). However, efforts to stimulate the development of CT have long been intertwined
with controversies over several issues, such as the domain-specificity vs. domain-generality of CT
skills (Ennis, 1989;McPeck, 1990b; Smith, 2002), the teaching of CTskills in stand-alone courses
vs. within domain specific courses (Ennis, 1989; McPeck, 1990a; Perkins & Salomon, 1989), and
the assessment of CT outcomes (Ennis, 1993; Norris, 1989). Taking into account some of the
controversies surrounding the teaching of CT skills in the context of higher education, this paper
argues that recent developments in instructional design research may have rich implications for
designing effective learning environments for CT.
Domain-Specificity and Domain-Generality of CT Skills
Whether CT skills are general, domain-transcending set of skills that can be productively
applied in any domain, or are specific to a particular domain, has been highly contentious.
On the one hand, some scholars (e.g. Davies, 2013; Halpern, 1998; Kuhn, 1999) claim the
existence of a set of CT skills that are general and applicable across a wide variety of domains
such as science, history, literature, psychology, and everyday life, on the ground that CT tasks
across domains share significant commonalities. On the other hand, some other scholars (e.g.
Barrow, 1991; McPeck, 1990b; Moore, 2011) emphasize that the ability to think critically is
largely associated with specific criteria within a domain. McPeck, who notably represents the
domain-specificity position, argues against the notion of domain-general CT skills on the basis
that CT skills required in one domain are different from those required in another (McPeck,
1990b). Supporting this view, Barrow (1991, p. 13) claims that Bthere are different kinds of
concepts that presuppose different types of reasoning,^ and thus, CT in one domain is different
from CT in another. The counterargument of generalists to the specifists claim has been that of
course content and concepts differ from one domain to another, but there are commonalities
among thinking practices across domains (e.g. Ennis, 1989; Halpern, 1998).
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Coupled with the lack of clear and well-elaborated theory of the concept domain
(see Ennis, 1989; McPeck, 1990a), the debate over domain-specificity and domain-
generality of CT skills has been longstanding. However, there appears to be a recent
shift towards a synthesis of the two views (Bailin, Case, Coombs & Daniels, 1999;
Davies, 2013; Smith, 2002). First, it has been understood that although content and
issues differ from one domain to the next, the synthesis view assumes that there are
some commonalities among CT tasks across domains, and thus a set of common CT
skills that are applicable across a wide variety of domains do exist. Second, the ability
to think critically is recognized to be highly dependent on domain-specific content
knowledge, and thus, the synthesis view assumes that an in-depth content knowledge of
a particular domain is required for CT competency.
Teaching Students to Think Critically: Review of the Empirical Evidence
The domain-specificity vs. domain-generality debate over CT skills has strongly
influenced the approaches to teach CTwith respect to regular domain-specific courses.
Following the strong generalist position, several studies emphasized the teaching of CT
skills separately from regular subject-matter domains (for reviews, see Abrami et al.,
2008; Pascarella & Terenzini, 2005). Ennis (1989) refers to such instructional strategies
as a general approach. Advocates of the general approach argue that CT skills need to
be taught in dedicated courses so that they will not be overshadowed by domain-
specific content knowledge (Siegel, 1988). However, as CT competency requires in-
depth prior domain-specific content knowledge, the general approach had become less
dominant in recent years, and CT instruction has mainly focused on embedding CT
skills within specific subject domain instruction (Bailin et al., 1999; Smith, 2002).
The notion of embedding CT skills within domain-specific instruction has aroused
considerable controversy among researchers and educators since over the past three
decades (e.g. Ennis, 1989; Glaser, 1984; Kuhn, 1999; McPeck, 1990b; Moore, 2011;
Perkins & Salomon, 1989; Resnick, 1987; Spektor-Levy, Eylon & Scherz, 2009). Some
scholars (e.g. McPeck, 1990b; Moore, 2011) assume that meaningful instruction in every
subject domain inherently comprises the development of CT skills, and therefore, profi-
ciency in CT skills can be achieved as students construct knowledge of a subject-matter
domain without any explicit emphasis on the teaching of general CT skills during
instruction. Ennis (1989) refers to such instructional strategies as an Immersion approach.
Advocates of this approach (e.g. McPeck, 1990a, 1990b) assume that a well-designed
subject-matter instruction is sufficient to promote the development of CT skills and equip
students to competently perform CT tasks across domains. However, critics of the
Immersion approach (e.g. Beyer, 2008; Davies, 2013; Halpern, 1998, 2014) argue that
explicit emphasis on general CTskills within specific subject-matter instruction is essential
for effective acquisition of CT skills that are transferrable across domains. Ennis (1989)
labels such instructional strategies as an Infusion approach. Advocates of the Infusion
approach argue that when there is an explicit emphasis on why and how a particular CT
skill is used within specific subject-matter instruction (e.g. identifying unstated assump-
tions, assessing the credibility of sources), students become more conscious of when and
how that particular skill can be applied in solving CT tasks across domains (e.g. Abrami
et al., 2008; Abrami et al., 2015; Beyer, 2008; Halpern, 1998; Kuhn, 1999).
Learning Environments for Critical Thinking
Several researchers have examined the effectiveness of Immersion and Infusion CT
instructional approaches for the development of CT skills. Immersion-based instruc-
tional interventions that focused on various instructional strategies such as small-group
discussion (e.g. Garside, 1996; Stark, 2012), problem-based learning (e.g. Sendag &
Odabasi, 2009), repeated practice in higher-order questioning (e.g. Barnett & Francis,
2012), and concept maps (e.g. Wheeler & Collins, 2003) were examined in promoting
the acquisition of CT skills. Infusion-based instructional interventions that focused on
teacher modeling (e.g. Solon, 2007), role playing (e.g. Toy & Ok, 2012), and coaching
(e.g. Bensley & Spero, 2014) were examined in stimulating the development of CT
skills. The findings of most of the afore-mentioned studies have been inconsistent. Some
of them found that explicit emphasis on CT skills within subject-matter instruction is an
effective approach to promote the development of CT skills compared to regular
instruction, as measured by domain-general CT tests (e.g. Bensley & Spero, 2014;
Dwyer et al., 2012; Solon, 2007), whereas several others reported a non-significant
effect (e.g. Anderson, Howe, Soden, Halliday & Low, 2001; McLean & Miller, 2010;
Toy & Ok, 2012). Such variability in research outcomes has made it difficult to gain a
deeper understanding of the features of Immersion- and Infusion-based interventions for
CT. A recent systematic review criticized existing Immersion- and Infusion-based CT
intervention studies on the ground that the processes involved in the design and
development of the instructional interventions in itself was not sufficiently specified
(Tiruneh, Verburgh & Elen, 2014). It is argued in the systematic review that (1) there is
little explicit description of the design of previously implemented Immersion- and
Infusion-based instructional interventions, and (2) even those explicitly described inter-
ventions did not systematically build on the principles of instructional design research.
Little consensus exists as a result on the key features of Immersion- and Infusion-based
learning environments that are effective for the acquisition of CT skills.
The Assessment of CT Outcomes
Alongside the diverse conceptualization of CT and the longstanding debate on how to
teach CT skills, one of the main challenges in CT instruction has been the assessment of
CToutcomes. CT has largely been associated with everyday reasoning, and assessment of
the effectiveness of Immersion- and Infusion-based instructional interventions has mainly
focused on content from everyday life, without reference to domain-specific content
knowledge. Researchers have employed various kinds of standardized CT tests that use
a broad range of formats, scope, and psychometric characteristics to measure CToutcomes
(for reviews, see Ennis, 1993; Halpern, 2015; McMillan, 1987). Most of the tests use
content from a variety of everyday life situations with which test takers are assumed to
already be familiar, and the tests are labeled as domain-general CT tests (see Ennis, 1993).
Despite the recent shift towards the synthesis of the domain-specificity and domain-
generality views of CT, the assessment of CT outcomes has thus far mainly focused on
domain-general CT skills. The expectation of embedding CT skills within specific
subject-matter instruction has been that it will facilitate the acquisition of CT skills that
are applicable to a variety of CT tasks within the specific subject-matter domain in
question and to CT tasks beyond school subjects (e.g. everyday life situations).
Successful teaching of CT skills in coherence with the teaching of domain-specific
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content knowledge is in other words expected to result in the development of both
domain-specific and domain-general CT skills that are necessary to perform CT tasks
requiring a considerable mental activity such as predicting, analyzing, synthesizing,
evaluating, ands reasoning. However, the experience of evaluating Immersion- and
Infusion-based CT interventions for the acquisition of domain-specific CT skills has not
been well valued. A few researchers developed and validated CT tests based on content
from specific subject-matter domains: the Psychological CTAssessment in the domain
of psychology (Lawson, 1999), the Biological CT exam (McMurray, 1991) and the
Critical Thinking in Electricity and Magnetism test in the domain of physics (CTEM;
Tiruneh, De Cock, Weldeslassie, Elen, & Janssen, 2017). The empirical evidence on
whether performance in a domain-specific CT test relates to performance in one of the
abovementioned domain-general CT tests has been scant.
The Aim of the Study and Hypotheses
It is argued in this paper that the design of learning environments to embed CT skills
within specific subject-matter instruction does not systematically build on instructional
design research. Despite the enormous evidence from instructional design research on
useful principles to optimize learning and instructional processes, Immersion and
Infusion CT instructional approaches particularly have remained underspecified in the
CT literature and hence do not sufficiently explain CT research findings. The aim of
this study was therefore to examine the effectiveness of systematically designed
Immersion- and Infusion-based instructional interventions in promoting the develop-
ment of domain-specific CT, domain-general CT, and course achievement. In line with
recent developments in cognitive psychology (e.g. Merrill, 2002, 2013; van
Merriënboer, 1997), learning environments for CT were systematically designed based
on empirically valid instructional principles.
For the purpose of this study, CT is viewed from domain-specific and domain-general
perspectives. Following the domain-specificity view, we assume that a particular CT
task requires domain-specific content knowledge to be competently performed. For
example, in view of Halpern’s (2014) conceptualization of CT, the use of CT skills
makes desirable outcomes more likely, and thus increasing the probability of a desirable
outcome requires domain-specific content knowledge. CT skills applied to solve CT
tasks that require domain-specific content knowledge are referred to as domain-specific
CT skills. Unlike specifists, our use of the phrase Bdomain-specific CT skill^ does not
suggest that a CTskill employed to competently solve a CT task within a domain applies
to that specific domain only. Rather, we are referring to the fact that a CT task may
require domain-specific prior content knowledge for it to be competently performed.
In addition, following the domain-generality view, we assume that CT tasks across
domains share significant commonalities and therefore CT skills can transfer from one
domain to another. CT skills that transcend the domain in which they were initially
introduced and make desirable outcomes more likely in everyday life are referred to as
domain-general CT skills.
The design of the Immersion- and Infusion-based instructional interventions in this
study focused on a freshman introductory physics course, namely Electricity and
Magnetism (E&M), and the following general research question was addressed: What
Learning Environments for Critical Thinking
are the effects of E&M instructional interventions designed based on Immersion,
Infusion, and regular instructional approaches on the acquisition of domain-specific
and domain-general CT skills and course achievement? In line with the theoretical
literature, it was hypothesized that the Immersion and Infusion instructional conditions
would result in a significantly higher performance on domain-specific CT, domain-
general CT, and course achievement than the regular E&M instruction (Hypothesis 1).
The Immersion and Infusion instructional conditions, however, were expected to
demonstrate non-significant differences on domain-specific CT and course achievement
because both Immersion and Infusion instructional approaches equally target deeper
understanding of course content (Hypothesis 2). However, because CT skills were
explicitly emphasized in the Infusion condition only, it was hypothesized in line with
previous research (e.g. Abrami et al., 2008; Niu, Behar-Horenstein & Garvan, 2013)
that the Infusion condition would produce a significantly higher improvement on
domain-general CT proficiency than the Immersion condition (Hypothesis 3).
Method
Participants
This study employed a quasi-experimental design involving 147 first-year students with
majors in physics, chemistry, or geology. The participants were enrolled in an introduc-
tory E&M course at two public universities in Ethiopia. The physics majors at university
1 were purposely assigned into an Infusion group (Infusion-physics, n = 33) and the
physics majors at university 2 into a control group (n = 42). Both the chemistry (n = 30)
and geology (n = 42) majors were at university 1, and each of them was randomly split
into two equal groups. Half of the chemistry and geology majors were combined and
constituted one group (chem-geo-1, n = 36), and the remaining half of each major formed
another group (chem-geo-2, n = 36). These two groups were randomly assigned to an
Infusion (Infusion-chem-geo, n = 36) and Immersion conditions (Immersion-chem-geo,
n = 36). Three participants from the control group and one from the Immersion had to be
excluded because of missing posttest data, leaving a final total sample of 143 students.
See Table 1 for the distribution of study participants across age and sex.
Description of the Selected Instructional Design Model
In order to design the Immersion- and Infusion-based interventions, we focused on the
five CT elements as identified by Halpern (2014): reasoning, hypothesis testing,
argument analysis, likelihood and uncertainty analysis, and decision-making and prob-
lem-solving. We focused on these CT elements because they are based on recent
conceptualization of CT in higher education and comprehensive enough to evaluate
students’ CT competency (Halpern, 2014).
In line with Halpern’s (2014) five elements of CT, we initially identified a list of
desired domain-specific and domain-general CT outcomes that our study participants
were expected to achieve at the end of the interventions (see Table 2). The First
Principles of Instruction model (Merrill, 2002, 2013) was used as a framework to
design the Immersion- and Infusion-based E&M interventions because of its
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comprehensiveness and strong theoretical foundation. This model synthesizes five
empirically validated instructional design principles which emerged from research on
subject-matter teaching, and offers concrete guidelines to design learning environments
for the acquisition of higher-order learning outcomes (Merrill, 2013): Problem-cen-
tered, activation, demonstration, application, and integration. The model suggests the
use of meaningful and contextually relevant learning tasks and aims to provide students
with a variety of learning activities that facilitate the active and constructive acquisition
of knowledge and skills. Merrill emphasizes that subject-matter instruction designed on
the basis of those instructional principles can result in effective, efficient, and engaging
learning, which leads to student acquisition of the knowledge and skills necessary to
perform complex tasks (Merrill, 2013).
Among the total 10 chapters included in the E&M course, the intervention focused
on the first five chapters: electric field, electric flux, electric potential energy, capacitor
and capacitance, and direct current circuits. The content and number of hours allocated
for the course were the same for all the Immersion, Infusion, and control conditions.
Description of the Immersion and Infusion Learning Environments
The following is a brief description of the various instructional activities developed and
implemented based on the First Principles of Instruction model for both the Immersion
and Infusion conditions. Both approaches equally focused on helping students develop
deep understanding of E&M content. The Immersion-based E&M instruction engaged
students in various domain-specific instructional activities that could result in the
achievement of desired domain-specific and domain-general CT outcomes, but without
any explicit teaching of general CT skills. In the case of the Infusion-based E&M
instruction, however, an explicit emphasis on the desired CT skills was included as an
additional layer to the Immersion-based intervention. Each of the five chapters were
considered as an integrated whole for the Immersion- and Infusion-based E&M
instructions, and lessons progressed from providing to the students relatively simple
but meaningful comprehensive E&M tasks to more complex ones. An interdisciplinary
team of researchers and two regular E&M teachers collaborated in designing the
Immersion and Infusion E&M interventions.
Problem-Centered and Activation Principle Few days prior to the first lesson of each
chapter, students were given a meaningful and comprehensive E&M task so that they
could conduct an independent inquiry and come up with a brief report that answers the
Table 1 Distribution of the participants of the study across age and sex
Group Number Age (years) Sex
M Range Male Female
Infusion-physics 33 20.24 18–23 31 2
Infusion-chem-geo 36 20.08 18–22 33 3
Immersion-chem-geo 36 20.09 18–23 33 3
Control 42 20.36 18–22 38 4
Learning Environments for Critical Thinking
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comprehensive task. Preparing the report was a requirement to all the students, but it was
not graded. In the first lesson of each chapter, students were asked to discuss in small
groups on their reports, and afterwards, the teacher modeled an epitomic version of the
answer to the comprehensive task. The main subtopics within the chapter were subse-
quently introduced and the teacher asked a few oral questions that could activate students’
prior knowledge on the topics. What was different in the Infusion E&M lesson is that the
teacher explicitly introduced in the initial lesson of the course that students would be
guided to learn some useful CT skills as part of the course. In addition, the Infusion
teacher made explicit reference to one of the desired CT skills at the beginning of each of
the five chapters while modeling solutions to comprehensive tasks.
Demonstration Principle Each new topic was initially explained and adequate infor-
mation was presented during lessons in both the Immersion and the Infusion lessons.
The teachers then modeled by thinking aloud how the earlier presented information
could be used in solving the E&M tasks. What was different in the Infusion environ-
ment is that the teacher made an explicit reference to a particular thinking strategy
while modeling the solution to an E&M problem by asking questions such as Bdo I
have now sufficient information to make a sound conclusion?^ and Bhow do I relate
this strategy with the CT skills I introduced at the beginning of the chapter?^.
Application Principle Students in both the Immersion and Infusion lessons were
asked to solve numerous E&M problems that required them to interact with one another
both in solving and evaluating solutions, and explaining their solutions to group
members. The teachers in both conditions coached the problem-solving activities of
the students, provided corrective feedback when required, and facilitated small group
discussions. In the Infusion group, however, the teacher kept students focused through-
out on how a particular CT skill could be applied to solve the E&M problems, and how
that CT skill could be applied in different settings. The Infusion teacher acted as a group
member during small group discussions and asked some probing questions such as
Bhow did you apply the principles of inductive reasoning in solving this problem?^ and
Bhow could this strategy be used to solve problems in other courses?.^
Integration Principle Both the Immersion and Infusion E&M instructions focused on
encouraging students to reflect in small groups on their E&M problem solutions, and
occasionally, students were encouraged to present their solutions to the whole class. At
the end of each chapter, students were also required to refer back to the comprehensive
task given at the beginning of the chapter and to give a detailed and complete solution
to the task. Moreover, students were induced to prepare a brief summary of the
important E&M concepts learned within a chapter by using concept maps. In the
Infusion learning environment, however, students in addition were encouraged to
prepare summary of the learned CT skills within each chapter.
Description of the Regular E&M Instruction (Control Group)
The E&M instruction for the control condition was designed and developed by the
regular teacher at university 2. Teaching method in Ethiopian higher education is
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mainly traditional, which is characterized as less engaging, highly dominated by the
teacher, limited collaboration among students, and little practice in answering higher-
order thinking questions (Asgedom et al., 2009). Most of the instructional time in
Ethiopian higher education involves the teacher lecturing to students, and assignments
are largely end-of-the-chapter type homework problems with short quantitative
answers.
As noted above, the content and lesson durations for the control condition were the
same as that for the Immersion and Infusion conditions. Efforts were made also to
carefully control students’ time on task as far as the E&M course was concerned. It
should be noted that the Immersion and Infusion groups were required to solve
comprehensive E&M problems ahead of the first lesson in each chapter and submit
brief reports. To counterbalance the time on task, students in the control group were in
return given reading assignments of selected topics a few days prior to the beginning of
each chapter and they were required to submit summary reports during the first lesson
of each chapter. To obtain an overview of the instructional processes, the first author
observed two of the control group’s lessons, and interviews were conducted with the
E&M teacher on three separate occasions: at the beginning of the semester, a month
after the semester started, and at the end of the intervention. A detailed analysis of the
classroom observations and interview data revealed the precise differences of the
regular E&M instruction with respect to the First Principles of Instruction model (see
Table 3 for a detailed description of the differences between the Immersion, Infusion,
and control learning environments).
Instruments
The HCTA (Halpern, 2015) The Halpern Critical Thinking Assessment (HCTA) was
administered both as a pretest and a posttest to measure the acquisition of domain-
general CT skills. The test focuses on the five elements of CT that are targeted in the
intervention, and consists of 20 items based on a variety of real-life problems such as
health, education, politics, and social policy. For each CT element, four items were
included, and each item is followed by questions that require respondents to first
provide brief constructed responses (constructed-response items) and to subsequently
select answers from a short list of alternatives (forced-choice items). The internal
consistencies for both formats of the HCTA in the present study were acceptable based
on the guidelines by Nunnally (1978): Cronbach’s α = 0.72 for the pretest HCTA
constructed-response and .71 for the pretest HCTA forced-choice formats, N = 147; .74
for the posttest HCTA constructed-response and .72 for the posttest HCTA forced-
choice formats, N = 143. Both formats were scored based on the scoring guidelines
provided by Halpern (2015). The maximum score expected for both the forced-choice
and constructed-response formats is 154.
CTEM (Tiruneh et al., 2017) The CTEM was administered to measure domain-
specific CT proficiency in line with the desired domain-specific CToutcomes described
in Table 2. The test consists of 20 items: two of which are forced-choice and the
remaining are constructed-response format items. The test authors designed the CTEM
items to mirror the five CT elements identified in the HCTA, but focus on E&M content
(see Fig. 1 for sample HCTA and CTEM items). The CTEM was administered in the
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Learning Environments for Critical Thinking
presentstudyasaposttestonly.BecausethetestrequirespriorknowledgeofE&M,wefelt that
itwas reasonable to administer the test only at the end of the intervention. In return, however,
the grade 12 university entrance national exam scores for physics were used to control for
physics prior knowledge of the study participants. The internal consistency of the CTEM
(Cronbach’sα = 0.73,N = 143) for the present studywas found to be acceptable (Nunnally,
1978).TheCTEMtest scoringguide,preparedinlinewith theHCTAscoringguide,wasused
toscore theCTEMitems.Themaximumscoreexpected for theCTEMtestwas63.SeeFig.2
for sample student responses to a CTEM item and corresponding awarded scores.
Sample HCTA item
Four patients were waiting to see a doctor who specializes in treating headaches. Three of the
four patients were women, which led the male patient to declare that more women seek 
medical help for their headaches than men. 
A. Is this a reasonable conclusion based on the people waiting to see this doctor?
No
B. Please explain your answer
________________________________________________________________
________________________________________________________________
Sample CTEM item
The electrical resistivity of different materials is measured as a function of temperature. The 
results are given in the table below.
Temperature
(K)
Resistivity
Aluminum
(10-8
Resistivity
Gold
(10-8
Resistivity
Iron
(10-8
Resistivity
Copper
(10-8
1 0.0001 0.0220 0.0225 0.002
10 0.000193 0.0226 0.0238 0.00202
100 0.442 0.65 1.2800 0.348
200 1.587 1.462 5.2000 1.046
300 2.733 2.271 9.9800 1.725
400 3.87 3.107 13.1000 2.402
500 4.99 3.97 23.7000 3.09
600 6.13 4.87 32.9000 3.792
700 7.35 5.82 44.0000 4.514
800 8.7 6.81 57.1000 5.262
Based on these measurements, can you conclude that ‘resistivity increases with increasing 
temperature’? 
Explain your answer. 
________________________________________________________________
________________________________________________________________
Fig. 1 Sample HCTA and corresponding CTEM items
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Course Achievement Test A teacher-made test, similar to end-of-course exams,
was administered to all the study participants at the end of the interventions.
The achievement test consists of 22 items: 19 of which are forced-choice, and
the remaining are constructed-response format items. The maximum score
expected in this test was 36. Representative items from all the five chapters
focused on in the interventions were developed by a physics teacher from
university 1. The test developer had taught the course for several years, but
was not involved in the present study. One of the co-authors, a physics
professor, reviewed the suitability of the test to measure the desired learning
outcomes of the five chapters, and modifications were made in collaboration
with the test developer. All the Infusion, Immersion, and control group teachers
who participated in the present study were also asked immediately after the end
of the intervention to evaluate the suitability and clarity of the items. Minor
adaptations were made based on the feedback of the participating teachers. The
internal consistency of this test (Cronbach’s α) was 0.67, N = 143. It should be
noted that the course achievement test was teacher-made and did not pass
through rigorous validation procedures.
Procedure
To compute the interrater agreements of the constructed-response format items of all
the three tests, 40 randomly selected test papers (10 from each condition) were scored
independently by two different raters using the same scoring guides. Paired sample t
test was computed to examine the effect of the rater on the mean scores of each of the
constructed-response format items of the HCTA, the CTEM, and the course achieve-
ment. The results indicated no statistically significant differences between the scores
allocated by the two raters to each item of the three tests (p > .05).
The study participants completed the paper version of the HCTA at the first day of the
intervention as a pretest and aweek after the end of the intervention as a posttest. The regular
procedures for administering theHCTAwere followed:participantswereasked to first answer
the HCTA constructed-response format items and subsequently the HCTA forced-choice
format items. TheCTEM test was however administered as a posttest only. Participants in all
the conditions completed the posttests in multiple sessions spread over separate days: the
CTEM was administered firstly, followed by the course achievement test, and finally the
HCTA.All testswereadministeredinaclassroomsetting.TheCTEMandcourseachievement
testseachlastedbetween50and75min,andtheHCTA(bothformats)between70and90min.
Implementation of the Experimental Interventions
The designed interventions for all the conditions were implemented in the 2014–2015
academic year over 8 weeks with three lessons of 2 h each per week. The Immersion
and Infusion teachers had collaborated during the design and development phases of
the interventions. In order to control for the teacher effect, teachers who had the same
education level and equivalent years of teaching experience were involved in
implementing the interventions. The Immersion and Infusion teachers received all the
necessary information regarding the purpose of the interventions and what they were
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required to do in implementing the lessons as designed, and the first author monitored
the execution of the interventions. Two major elements were emphasized while mon-
itoring the fidelity of implementation of the interventions: (a) the extent to which the
implementation corresponds to the design and (b) participants’ responsiveness to the
Sample CTEM item: 
Hanna conducts the following experiment: she brings a positively charged 
rod close to a metal can. Doing the experiment shows that the can is 
attracted to the rod. Hanna is puzzled with the result of her experiment. 
She expected the negative electrons on the metal would be attracted to the 
rod while the positive nuclei are repelled, and opposite forces cancel out, 
which would mean that the can remains at rest. 
How can you make Hanna’s argument consistent with the experiment? 
Indicate all the possible explanations. 
Sample student responses for the item and the scores awarded (Item weight = 4 points):
Ideal complete answer expected from a student: 
The positively charged rod draws the loosely bound electrons and 
accumulates them at the side of the can closest to the rod while leaving 
the other side positively charged. Because the distance between the rod 
and the negatively charged side of the can is smaller than the distance 
between the rod and the positively charged side of the can, the 
attractive force between the rod and the can is larger than the repulsive 
force between them. According to Coulomb’s law, the force is inversely 
proportional to the square of the distance. Therefore, the net force on 
the can is attractive. 
Student 1: 
The amount of positive kernels and negative electrons are not equal, the rod has much more positive 
kernels thus the net force is not zero.
Awarded 0 points
Student 2: 
The electrons move through the 2 bodies. If we approach the can with the rod, more electrons will 
move to the surface causing the rod and the can to attract each other.  We get a redistribution of 
charges. As the rod is positively charged, there are more protons in the rod than electrons.
Awarded 1 point (motion of electrons = 1)
Student 3:
The electrons in the can move towards the rod, so the average distance between the rod and the 
electrons is smaller than the average distance between the rod and positive particles.  There is a non-
zero resultant force.
Awarded 2 points (motion of electrons = 1, distance mentioned = 1)
Student 4:
Because negative electrons are attracted and positive ions are repelled, the can will have a positive 
and a negative side. As the electric force decreases with distance (F ~ 1/r2), the negative side will be 
attracted more strongly that the positive side is repelled.  The can will move towards the rod because 
there is net force towards the rod.
Awarded 4 points (motion of electrons = 1, Fattract > Frepel = 1, FCoulomb = 2)
Fig. 2 Sample student responses for a CTEM item
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newly designed instructional activities. Regarding the first element, the observation
disclosed that the interventions were basically implemented as designed. Some factors
can be mentioned that optimized the implementation as per the design. First, the
experimental teachers participated actively during the design phase of the interventions,
and also received training right before the implementation aimed at giving an overview
of the features of the interventions. Second, a lot of effort was made during the design
and development phases to describe in detail the various components of the learning
environment (student and teacher activities, tasks, prompting questions, etc.). Third, the
first author provided feedback (during postlesson discussions) that maximized the
implementation of the interventions as designed throughout the experiment.
Regarding the second element (study participants’ responsiveness), our obser-
vation and interview data revealed some useful information. The experimental
teachers acknowledged the newly designed learning environments encouraged the
participants to be engaged actively during the E&M instruction. However, most of
the instructional activities were new and the participating students appeared to be
confused particularly during the first 2 weeks of the intervention. It was observed
that the experimental teachers provided the necessary guidance and the students
started to comply with the instructional activities after the second week of the
intervention.
Analyses
Despite the absence of complete random assignment of participants to the different
conditions, the groups were comparable in a number of important features. First, they
were all freshmen and there were no marked differences on average age. They had also
similar educational backgrounds and no significant differences in prior physics knowl-
edge. A one-way analysis of variance (ANOVA) revealed no significant difference
between the four groups in their physics prior knowledge (as measured by the national
college entrance exam for physics), F(3, 139) = .064, p = .97, and pretest HCTA scores,
F(3139) = .191, p = .90. The two Infusion groups, namely Infusion-physics and
Infusion-chem-geo, had participated in exactly the same E&M instructional interven-
tions and were taught by the same teacher. Because initial comparisons of prior physics
knowledge and pretest HCTA proficiency revealed no significant differences between
the four groups, we merged the Infusion-physics and Infusion-chem-geo groups into
one Infusion group on the postintervention comparisons. The research hypotheses were
tested by using type III sums of squares, which weighs the sample means equally
irrespective of differences in sample sizes (Tabachnick & Fidell, 2007).
The three main outcome variables were the CTEM, the HCTA, and the course
achievement scores. The data for these variables were initially screened for missing
values, outliers, and normality of distributions separately within each group. The
proportions of missing values per item for all the variables were very limited (<5%)
and randomly scattered over each of the outcome variables. Mean substitution was
employed to impute missing values. Tests of assumptions for normality for the CTEM,
HCTA, and course achievement scores were done using visual inspection of the
boxplots, histograms, and Q-Q plots. The boxplots for all the variables suggested a
relatively normal distributional shape (with no outliers) of the residuals. The histograms
and Q-Q plots also suggested that normality was reasonable.
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Results
The Effect of the Instructional Interventions on the Outcome Variables
Aone-waymultivariate analysis of variance (MANOVA)was first performed on themeans
of the three outcome variables. However, prior to conducting the MANOVA, a series of
Pearson correlationswere performed between all the three outcome variables in order to test
one of the MANOVA assumptions that the outcome variables would be moderately
correlated with each other (Tabachnick & Fidell, 2007). As can be seen in Table 4, all
the outcome variables were moderately correlated with each other, suggesting the appro-
priateness of aMANOVA. In addition, Box’s test was computed to check the assumption of
equality of covariancematrices. The result showed that the covariancematrices between the
groups were assumed to be equal (p = .14) for the purposes of the MANOVA.
A one-way MANOVAwas conducted to test the first hypothesis that there would be
one or more significant mean differences between the Immersion, Infusion, and regular
E&M instructional conditions on domain-specific CT proficiency, domain-general CT
proficiency, and course achievement scores. Using the Wilks’ statistic, there was a
significant effect of the instructional conditions on the three outcome variables,
Λ = 0.74, F(6, 276) = 7.31, p < .001. The multivariate effect size was estimated at
0.137, which implies that 13.7% of the variance on combination of the outcome variables
was accounted for by the instructional interventions. The homogeneity of variance
assumption was separately tested for all the outcome variables prior to conducting a
series of follow-up ANOVAs. Based on a series of Levene’s F tests, the homogeneity of
variance assumption was considered satisfied for the CTEM (F(2, 140) = 0.452, p = .64),
posttest HCTA (F(2, 140) = 0.31, p = .74), and course achievement (F(2, 140) = 0.63,
p = .54. The one-way ANOVAs on the outcome variables revealed significant interven-
tion effects only on domain-specific CT proficiency, F(2, 140) = 13.54, p < .001,
ηp
2 = 0.162, and course achievement, F(2, 140) = 12.48, p < .001, ηp
2 = 0.151, but not
on domain-general CT proficiency, F(2, 140) = .241, p = .79. The effect sizes associated
with the statistically significant effects are considered large based on Cohen’s (1988)
guidelines, with the instructional interventions accounting for 16.2% of the variance on
domain-specific CT and 15.1% on course achievement.
In order to examine whether there was significant pretest-posttest improvement on
domain-general CT outcomes across the three instructional conditions, a mixed-design
ANOVA was conducted. The results revealed non-significant interaction between the
Table 4 Pearson correlation coefficients, means, and standard deviations of outcome variables
Variable 1 2 3 4 M SD
1. Course achievement – 23.29 3.19
2. CTEM 0.38* – 31.35 5.67
3. Pretest HCTA 0.05 0.12 – 79.99 7.85
4. Posttest HCTA 0.28* 0.41* 0.38* – 82.38 7.12
N = 143
*p < .001
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testing period (pretest-posttest) and the instructional conditions (Immersion-Infusion-
control), F(2, 140) = .162, p = .85. This implies that the domain-general CT scores for
either the Immersion or the Infusion condition did not show significant pretest-posttest
improvements compared to the control condition. The descriptive statistics associated
with all the variables across the three instructional groups are reported in Table 5.
Comparison of the Groups on Domain-Specific CT Skills and Course
Achievement
In order to examine the pairwise differences across the means of the three instructional
conditions on domain-specific CT and course achievement, the ANOVAwas followed
up with the Hochberg’s GT2 post hoc test. This test is selected as the sample sizes were
different across groups (Field, 2009). For domain-specific CT proficiency, the results
revealed statistically significant differences between the Infusion and control groups,
p < .001, d = 1.07, and the Immersion and the control groups, p = .015. d = .69.
However, the test indicated that the domain-specific CT proficiency scores did not
differ significantly between the Immersion and Infusion groups (p = .196). The effect
sizes associated with the statistically significant differences are considered moderate to
large based on Cohen’s (1988) guidelines. For course achievement, the results revealed
statistically significant differences between the Infusion and the control groups,
p < .001, d = .96, and the Immersion and control groups, p = .001, d = .86. However,
the difference between the Infusion and Immersion groups was not statistically signif-
icant (p = .97). The effect sizes associated with the statistically significant differences
are considered large based on Cohen’s (1988) guidelines.
Discussion
It was argued in this study that instructional interventions for CT need to be system-
atically designed based on empirically valid instructional principles and that the
evaluation of the effects of those interventions needs to focus on both domain-
specific and domain-general CT skills. Accordingly, Immersion- and Infusion-based
E&M instructional interventions were designed based on the First Principles of In-
struction model and evaluated with respect to the acquisition of domain-specific CT
skills, domain-general CT skills, and course achievement.
Table 5 Descriptive statistics for the CTEM, HCTA, and course achievement scores across the instructional
conditions
Group CTEM HCTA Course achievement
Pretest Posttest
M SD M SD M SD M SD
Immersion (n = 35) 31.34 5.31 80.43 9.15 82.17 7.69 23.89 2.99
Infusion (n = 69) 33.32 5.43 80.06 7.05 82.80 6.81 24.13 2.88
Control (n = 39) 27.87 4.76 79.46 8.11 81.85 7.27 21.28 3.07
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The findings revealed that both the Immersion and Infusion E&M instructional
conditions significantly outperformed the regular E&M instruction condition on
domain-specific CT proficiency and course achievement, but not on domain-general
CT proficiency. The findings suggest that engaging students with systematically
designed instructional activities that give either an implicit or explicit emphasis on
desired CT skills can significantly foster the acquisition of domain-specific CT skills
and course achievement. These findings partially support Hypothesis 1 and are consis-
tent in general with the CT theoretical literature that argues for the effectiveness of a
well-designed subject-matter instruction in enabling students solve domain-specific CT
tasks (e.g. Glaser, 1984; Perkins & Salomon, 1989; Resnick, Michaels & O’Connor,
2010; Smith, 2002) and achieve better on course content measures (Beyer, 2008;
Resnick, 1987; Williams et al., 2004).
Consistent with Hypothesis 2, post hoc analyses indicated that domain-specific and
course achievement scores did not significantly differ between the Immersion and Infusion
conditions. As noted above, both the Immersion and Infusion conditions equally focused
on students’ in-depth understanding of the E&M content (i.e. lessons were carefully
designed based on the First Principles of Instruction model for the two conditions), and
CT skills were integral components of the E&M instructional activities in both cases. We
argued earlier that (domain-specific) CT skills can and should be essentially targeted in
well-designed subject domain instruction, and the fact that the Immersion group demon-
strated domain-specific CT proficiency equally to that of the Infusion groupwas consistent
with our expectation. Moreover, the lack of significant difference in course achievement
between the Immersion and Infusion conditions was interesting because it reveals vital
evidence that explicit focus on selected CT skills within the regular course instruction did
not function at the cost of students’ content knowledge of E&M.
Contrary to our expectation, however, the findings revealed non-significant differ-
ences between the Immersion, Infusion, and control conditions on the acquisition of
domain-general CT skills. Because an explicit emphasis was given on selected CT skills
in the Infusion condition, we expected that the Infusion condition would produce
significantly higher improvement on domain-general CT skills compared to the control
and Immersion conditions (Hypothesis 3). However, improvements on the acquisition of
domain-general CT skills did not significantly differ depending on the instructional
conditions they were engaged with. It was indeed unexpected that the Infusion condition
failed to result in significantly higher pretest-posttest improvement even compared to the
control condition. This finding is contrary to previous findings (e.g. Abrami et al., 2008;
Angeli & Valanides, 2009; Bensley & Spero, 2014; Beyer, 2008) that showed explicit
emphasis on CT skills within specific subject-matter instruction significantly fosters the
development of domain-general CT skills compared to Bregular^ instruction.
A number of reasons may explain why the Infusion E&M instructional condition did
not result in a significantly higher improvement on domain-general CT skills compared
to both the Immersion and control instructional conditions. One may be related to the
design features of our Infusion-based E&M intervention. The CT skills were probably
not sufficiently explicit in the Infusion lessons and were overshadowed by the E&M
content. It should also be noted that our intervention targeted only 50% of the E&M
content, which was implemented within 8 weeks period. Perhaps the scope and
duration of the intervention was highly restricted to produce CT skills that can transfer
across domains. Besides, given that the participating students lack prior experience
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with the instructional methods introduced in the interventions, it might take some more
time before the benefits of the newly designed interventions become noticeable. In
addition, the other domain-specific courses in which the study participants were
concurrently enrolled during the intervention might not be designed optimally. This
may have resulted in limited opportunities for students to extensively practice the
desired CT skills in solving various thinking tasks in other domains, and thus restricted
the transfer of CT skills across domains. This finding adds to the existing theoretical as
well as empirical evidence (e.g. Anderson et al., 2001; Halpern, 2014) that suggests that
the acquisition of transferrable CT skills can be achieved mainly through interventions
that involve an extended duration and coverage of a large number of courses. Future
studies may focus on a more intensive and comprehensive interventions that involve an
extended duration and with the inclusion of more than one domain-specific courses.
Another possible explanation for the non-significant effect may relate to the domain-
specificity and domain-generality debate over CT skills. As indicated earlier, specifists
(e.g. McPeck, 1990b) argue against the existence of domain-general CT skills on the
basis that CT is always thinking about specific subject domain. We could argue that our
finding is consistent with some of the theoretical claims regarding the domain-
specificity of CT (e.g. McPeck, 1990b; Moore, 2011). The participants in the Immer-
sion and Infusion groups had demonstrated significant improvement in the targeted
domain-specific CT outcomes. However, despite the explicit emphasis on desired CT
skills in the Infusion condition, there was no evidence for transfer of the acquired
domain-specific CT skills to everyday CT tasks. Advocates of the specifists’ view may
see this lack of transfer as one indication towards the domain-specificity of CT skills.
Generalists may, however, argue that students’ failure to transfer the acquired domain-
specific CT skills may have to do with the absence of explicit emphasis on the teaching
of CT skills in stand-alone courses.
A third possible explanation may relate to the issue of the assessment of CT
outcomes. Following the synthesis of the generalists’ and specifists’ views, we assumed
that training students systematically to solve various domain-specific CT tasks with an
explicit focus on selected CT skills would adequately equip them to solve CT tasks
across domains including everyday life. In administering the HCTA, the goal was
therefore to examine the extent to which acquired CT skills within domain-specific
instruction would transfer to a different domain: everyday reasoning. The HCTA items
mainly reflect common experiences across cultures in industrialized societies (Halpern,
2015), and it is possible that our study participants in Ethiopia may have lacked
adequate prior knowledge of the content used to prepare the HCTA items. The failure
to transfer the acquired domain-specific CT skills to everyday reasoning tasks may have
therefore originated from the HCTA itself. In evaluating the effectiveness of CT-
supportive instructional interventions on the acquisition of domain-general CT skills,
an important issue for future studies would therefore be to make sure that domain-
general CT tests actually reflect common everyday problems to study participants.
Study Limitations
Given its quasi-experimental nature, there are some limitations to this study that the
reader needs to be aware of in interpreting the findings. First, the Immersion, Infusion,
and control conditions were taught by three different teachers, and the control condition
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was located in a different university. Attempts were made to minimize the effects of
some of the confounding variables with respect to the teacher and the institution. For
instance, all the participating teachers had the same education levels and equivalent
years of teaching experience, and efforts were also made to closely monitor the
implementation of the lessons at all the instructional conditions as per the design. We
could argue that the participation of different teachers to each of the instructional
conditions and the fact that the control condition was located in a different university
were beneficial to examine more accurately the true effects of the instructional inter-
ventions. If we had assigned the same teacher to all the three conditions, the learning
environments might have been contaminated by the teacher’s training and experience in
one of the instructional conditions. Besides, the fact that the control group was located in
a different university was advantageous as it eliminated possible contact among students
assigned in the control and experimental conditions. Second, it should be noted that the
interventions were implemented and evaluated in ecologically valid instructional set-
tings. We were convinced that instructional interventions must compete for success in
the disarray that constitutes the daily classroom life of the students and the teacher (e.g.
Brown, 1992). We faced some challenges as a result in implementing the E&M lessons
as designed. We were asking the Immersion and Infusion teachers to adopt instructional
approaches that were not very familiar to them. Although the experimental teachers
received training and had collaborated during the design phase of the interventions, it
was observed that the implementation of the interventions put huge burden both to the
teachers and students. Probably the teachers’ and students’ limited prior acquaintance to
such learning environments may have influenced the ideal implementation of the
instructional interventions as per the design. Third, the participating students were from
three separate domains: physics, chemistry, and geology. Some critics may object the
findings of the present study by singling out that we compared three seemingly different
groups of students. We acknowledge this as a limitation, but it should be noted that the
study participants from the three separate majors were comparable in terms of their prior
physics knowledge and pretest domain-general CT scores.
Conclusions
The findings of this study imply considerable practical and theoretical significance for
CT and instructional design research. The findings add to the literature base by
specifying and elaborating the design of Immersion- and Infusion-based instructional
interventions for the acquisition of both domain-specific and domain-general CT skills.
Desired domain-specific and domain-general CT outcomes were initially specified,
various domain-specific instructional activities based on sound instructional principles
were designed, and the effectiveness of the interventions was examined by using
various tests. Through this study, we hope to have demonstrated how empirically valid
instructional principles can be translated into prescriptions for everyday classroom
activities focusing on an Immersion and Infusion CT instructional approaches. The
literature largely depicts CT as an elusive concept with little direction on how to
translate the diverse views into CT instructional practices. Acknowledging the
longstanding controversies involved in defining, teaching, and assessing CT, efforts
were made in this study to show how CT can be handled as an integral part of the
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domain-specific instruction in which students are being enrolled. Generally, we have
demonstrated that embedding CT instruction in domain-specific courses requires greater
clarity about what CT is, what set of CT skills could be targeted in domain-specific
instruction, how specific subject-matter instruction could systematically be designed
considering CT as an integral part of domain-specific instruction, and how best CT
outcomes be assessed. Particularly, we have indicated that a systematic approach to
embedding CT instruction in domain-specific courses includes formulating and answer-
ing the following questions: (a) what does it mean to think critically in a particular
domain?, (b) what instructional principles are relevant to achieve desired domain-
specific CToutcomes, and how do we translate those instructional principles into usable
instructional activities?, and (c) how do we accurately measure for the acquisition of
both domain-specific and domain-general CT skills? We assume that answering the
aforementioned questions in any effort to embed CT instruction in domain-specific
courses may be an effective approach to address the challenges of CT development. The
study has clearly demonstrated that students can be successfully guided to acquire and
use CT skills at least in the boundaries of their domain. However, the exact features of
learning environments to facilitate the transfer of acquired domain-specific CT skills
across domains (e.g. to solve domain-general CT tasks that do not require specialized
content knowledge) remain unclear. In sum, we hope to have shown in this study that
designing instructional interventions systematically and transparently constitutes a
promising practice to research on the integration of CT skills within specific subject
domains. It is essential that future work continues to explore the effectiveness of such
systematic approach to design CT supportive learning environments in promoting the
development of both domain-specific and domain-general CT skills.
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